Background Less invasive dissection of the extensor apparatus, one of the aspects of minimally invasive surgical (MIS) TKA, might result in less reduction of postoperative quadriceps strength. However, it is unclear whether MIS is associated with less strength reduction. Questions/purposes We asked whether knee strength (extensor or flexor torque) would be greater in patients having a MIS TKA compared with patients having a standard TKA and whether knee scores, alignment, ROM, tourniquet and operating times, and hospital length of stay were improved. Methods We prospectively recruited 52 patients awaiting MIS or standard TKA, matched for age, weight, height, BMI, sex, and surgically treated side, but not randomized. Isokinetic tests were performed preoperatively and postoperatively to obtain peak values of extensor and flexor torque. Postoperative-to-preoperative ratios and the extensor-flexor torque ratio also were calculated. Results Mean baseline extensor torques were 57 Nm and 53 Nm for MIS and standard TKAs, respectively. At 8 weeks postoperatively, absolute values of the mean postoperative knee extensor torque also were similar: 47 and 45 Nm for patients with MIS and standard TKAs, respectively. The postoperative-to-preoperative ratios were 0.8 for extensor and flexor torque in both groups. The extensor-flexor torque ratios were similar between groups. Conclusions Our data suggest a less invasive dissection of the extensor apparatus involved in MIS TKA does not enhance postoperative quadriceps strength.
Introduction
Minimally invasive surgical (MIS) TKA was developed to facilitate early and intermediate-term rehabilitation. MIS generally includes reduced length of skin incision, less invasive arthrotomy, avoidance of tibiofemoral dislocation or hyperflexion, and use of special cutting blocks and retractors [4, 12] .
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reported as improved in the long term [4, 11, 21] , improved only in the short term [15, 18, 27] , or similar [24, 25, 30, 37] . The same has been observed with respect to radiographic findings (leg alignment and/or component alignment). Some authors reported inferior radiographic alignment [7, 19, 44] , whereas others reported similar alignment [11, 13, 15] for MIS and standard TKAs. There is some consensus in the literature regarding the rate of improvement in ROM; many authors have reported a faster gain in ROM for patients having MIS TKA, at least during the first few weeks postoperatively [8, 11-13, 18, 19, 21, 27] .
Given the less invasive dissection of the extensor apparatus with MIS TKA, the latter might be associated with better postoperative quadriceps strength. Many authors assessed quadriceps function in terms of rehabilitation milestones (eg, straight leg raise) after MIS and standard TKAs [8, 16, 20, 25, 33] . The findings in those studies are consistent, in that quadriceps function was superior with a MIS TKA during the first postoperative week [8, 16, 33] . Only a few studies reported on quadriceps function in terms of rehabilitation milestones beyond the first postoperative week; Kolisek et al. [25] reported no strength differences 12 weeks after surgery, and the strength findings observed by Karpman and Smith [20] 2 weeks postoperative were dependent on the type of MIS approach (quadriceps-sparing superior, but mini-midvastus not superior as compared with medial parapatellar). Quadriceps outcome in terms of rehabilitation milestones might be dependent on the subjective interpretation of the observer. Other authors investigated knee extensor (and partly flexor) torque as an objective parameter of quadriceps function after MIS and standard TKAs [5, 23, 33, 37, 44] . The findings from those studies are inconsistent. Some reported better extensor torque during the first 4 weeks postoperative in patients who had MIS, which no longer was present in the following months [33, 37, 44] . Others found equal extensor torque during the first postoperative measurements among patients who had MIS and standard TKAs, but better torque after 1 year in patients who had MIS [23] . Others reported better results for 3 and 12 months postoperative among patients who had MIS [5] . In addition to the incongruent findings, most of the mentioned studies did not assess the torque ratio between knee extension and flexion [5, 33, 37, 44] , although it was reported as a parameter indicating quadriceps-hamstrings imbalance [21, 26, 35, 36] .
Given the contradictory information in the literature, we asked whether (1) postoperative knee torque (extensor and flexor) was greater, (2) scoring on a typical knee questionnaire was improved, (3) alignment was equal, and (4) ROM, (5) length of hospital stay, (6) tourniquet use, and (7) operating times were reduced in patients after MIS TKA compared with after standard TKA.
Patients and Methods
We prospectively recruited 52 patients awaiting either standard or MIS TKA between 2007 and 2010. Exclusion criteria were (1) age younger than 55 years and older than 80 years, (2) neuromuscular or neurodegenerative disease, (3) BMI of 35 or greater, (4) prior arthrodesis in any joint of the lower limbs (except for Toes II-V), (5) prior TKA on the contralateral side, (6) prior arthroplasty of the ipsilateral hip or ankle, and (7) constant need for walking aids. There were 24 and 28 patients in the MIS and standard TKA groups, respectively. In each group, 19 patients completed the measurements (Fig. 1 ). The study protocol was approved by the ethics committee of our institution, and written informed consent was obtained from all patients before inclusion in the study.
A clinically meaningful difference between groups was defined as 20 Nm difference in extensor torque. This was because previous studies reporting 10 to 15 Nm differences did not find accompanying differences in several knee scores [23, 37] . With a 20-Nm difference in means and alpha = 0.05 and beta = 0.8, we determined an effect size of 0.98 and a sample size of 18 per group To compensate for potential loss of participants, 20 to 30 patients were included in each group. The groups were similar with respect to demographics and preoperative clinical, radiographic, and torque parameters ( Table 1) .
Patient positioning, antibiotic-and deep vein thrombosis prophylaxis, draping, and tourniquet control were standardized, and identical cruciate-retaining TKAs were performed in both groups (Scorpio TM ; Stryker Corp, Kalamazoo, MI, USA) using intramedullary referencing in the femur (rigid IM rod) and extramedullary referencing in the tibia. In accordance with the clinical routine at our institution, the patella was left unresurfaced. All operations were performed by experienced orthopaedic surgeons specializing in knee arthroplasty or under the supervision of one of these surgeons.
In the standard TKA group, a midline skin incision and a standard medial parapatellar arthrotomy were performed, and the patella was everted. The prosthesis was implanted according to the manufacturer's instructions using a measured resection technique and standard cutting blocks and instruments.
In the MIS TKA group, a midline skin incision was followed by a medial mini-midvastus arthrotomy (1-3 cm) [12] . The patella was subluxated instead of being everted. Special downsized retractors and cutting jigs [4] were used in accordance with the operation manual for the Scorpio TM MIS procedure as provided by the manufacturer. The major differences compared with standard TKA were less invasive arthrotomy, absence of patellar eversion, use of special instruments, and the tibiofemoral articulation was dislocated or hyperflexed only during cementing of the tibia [4, 12] .
All patients underwent the same standardized rehabilitation program after surgery. Patients were mobilized from the second postoperative day under supervision of our physiotherapists. Exercises included continuous passive motion, assisted and unassisted knee extension, walking and stair climbing with two crutches, and progression as tolerated.
Preoperative data were collected 1 month before surgery and postoperative data were collected 8 weeks postoperatively. The clinical outcome was assessed using the WOMAC index [2] , which was completed by the patients on a self-administered basis. The WOMAC score consists of the subscales of pain (five items), stiffness (two items), and physical function (17 items), which were calculated and expressed as percentages of the maximum score of the subscales. Additionally, the three subscales were summed and expressed as a percentage (WOMAC global score).
The preoperative and postoperative mechanical femorotibial angles (mFTA) were taken from weightbearing whole-leg radiographs to determine the patient's leg axis. One investigator (MCL) who was not a treating surgeon made all radiographic measurements. Component alignment was determined postoperatively according to The Knee Society total knee arthroplasty roentgenographic evaluation and scoring system [10] . Alpha and beta angles were assessed to quantify frontal alignment of the femoral and tibial implants, respectively. Gamma and delta angles were assessed from lateral radiographs to determine sagittal alignment of the femoral and tibial implants, respectively. One observer (AK) performed peak extensor and flexor torque measurements preoperatively and postoperatively in a standardized manner using an isokinetic dynamometer (Con-Trex 1 MJ; CMV AG, Zurich, Switzerland). Patients were seated on the dynamometer with their hip flexed to approximately 90°and their trunk secured with dual crossover straps and a waist strap. The ROM at the knee was set at 110°and was modified according to available passive motion and the subject's tolerance. The angle was 0°when the leg was fully extended at the knee and 110°w
hen it was fully flexed. A thigh strap on the test leg was used to restrict any lateral movement at the knee, allowing only flexion and extension. The testing protocol consisted of concentric quadriceps and hamstrings contractions after familiarization with the equipment (2 minutes; submaximal trials at an angular velocity of 60°/second). The patients performed four repetitions at an angular velocity of 60°/ second. Peak extensor and flexor torques were recorded for the surgically treated leg and used for statistical analysis. To directly compare the effect of surgery between groups, we determined postoperative-to-preoperative ratios of extensor and flexor torques [37, 44] . Additionally, the extensor-flexor torque ratio was determined to identify a potential imbalance of quadriceps and hamstrings [22, 25, 35, 36] .
All but one parameter (interval-scaled data) were normally distributed as determined by Kolmogorov-Smirnov tests and analyzed for group differences using t-tests. Descriptive statistics were determined as means and SDs. Only the postoperative-to-preoperative ratios of extensor and flexor torque data sets were determined as not normally distributed and further analyzed using Mann-Whitney U tests. Descriptive statistics included medians and interquartile ranges. We compared the two groups by chi-square tests regarding proportions of sexes and surgically treated sides (nominal-scaled data). Statistical tests always were performed in a two-tailed manner using the Statistical Package for Social Sciences (SPSS-Norusis/SPSS Inc, Chicago, IL, USA).
Results
All mean torque measures were similar in both groups ( Table 2) . Absolute values of postoperative mean knee extensor torque were similar (p = 0.757) for patients with MIS and standard TKAs, 47 and 45 Nm, respectively. The mean postoperative knee flexor torques were 30 and 32 Nm for MIS and standard TKAs, respectively (p = 0.677). Median postoperative-to-preoperative ratios of flexor and extensor torques were similar (median for both, 0.8). Likewise, no differences were seen between groups regarding the extensor-flexor ratio. The postoperative mean subscale and global values of the WOMAC questionnaire revealed no differences (p = 0.223-0.982) between groups ( Table 3 ).
The gamma angle was greater in the MIS group (p = 0.019), indicating the femoral components had been implanted in greater flexion in MIS TKAs ( Table 3 ). The other mean parameters of component alignment were similar. The mean postoperative leg axis (mFTA) was in greater (p = 0.036) valgus in patients with MIS TKAs than in patients with standard TKAs. The preoperative-to-postoperative change in ROM was similar between the two groups.
The mean durations of hospital stay were similar (p = 0.774) between groups: 11.3 versus 11.5 days (Table 3) .
Mean tourniquet times and operating times were longer (p = 0.01 and 0.048, respectively) in the MIS TKA group than in the standard TKA group (Table 3) .
Discussion
Less invasive dissection of the extensor apparatus, one of the aspects of MIS TKA, might exert a favorable effect on postoperative knee strength. Given the contradictory information in the literature we asked whether (1) postoperative knee torque (extensor and flexor) was greater, (2) scoring on a typical knee questionnaire was improved, (3) alignment was equal, and (4) ROM, (5) length of hospital stay, (6) tourniquet use, and (7) operating times were reduced in patients after MIS TKA compared with after standard TKA.
The following limitations to our study are worth mentioning. First, we did not randomize the patients because of the impracticality of persuading surgeons to modify the routines with which they were comfortable. A randomized trial would have reduced the risk of bias between the groups, but we suspect would not modify the findings. Second, we performed torque measurements on only two occasions. More postoperative measurement would have provided additional information on the course of torque recovery and also would have facilitated comparability with other studies. Third, MIS TKAs always were performed by one of two experienced knee surgeons whereas standard TKAs were performed by a larger pool of surgeons with varying degrees of experience. However, all operations were performed under the direct supervision of a consultant. We suspect these differences would have exerted a favorable impact on the observed parameters in patients who underwent MIS although we found no differences.
We found no differences in mean extensor torque between MIS and standard TKAs at 8 weeks postoperatively; this was true for absolute extensor torque and preoperative-to-postoperative changes in torque. Of the studies reporting on quadriceps function in terms of achievement of rehabilitation milestones [8, 16, 20, 25, 33] , the majority reported superior quadriceps function for MIS TKA in the first postoperative week [8, 16, 33] . Only a few studies reported on quadriceps function in terms of rehabilitation milestones beyond the first postoperative week; Kolisek et al. [25] found no strength differences 12 weeks after surgery. Karpman and Smith [20] reported 2-week results dependent on the type of MIS approach (quadriceps-sparing superior, but mini-midvastus not superior as compared with medial parapatellar) and no group differences at 3 and 6 months. The findings of studies that compared the more objective parameter knee extensor torque between MIS and standard TKAs [5, 23, 33, 37, 44] were incongruent. Some reported better extensor torque in patients who had MIS during the first 4 weeks postoperative that no longer was present in the following months [33, 37, 44] . Others found equal extensor torque among patients who had MIS and standard TKAs 3 and 6 months postoperatively, but better torque in patients who had MIS after 1 year [23] , or they reported better results at 3 and 6 months postoperatively among patients who had MIS [5] . Summarizing the above-mentioned studies and including our findings, we believe the evidence shows better quadriceps function with MIS TKA for the first postoperative month [8, 16, 33, 37, 44] , and scant evidence for any differences in quadriceps strength in the longer term [5, 20, 23, 25, 37] . It is unclear to what extent the different types of MIS approach used in the above-mentioned studies might have contributed to discrepancies. Moreover, in this regard the literature is incongruent. Some authors reported strength differences between different types of MIS TKAs [1, 20] , whereas others reported similar strength [6, 29] . Our preoperative knee extensor torque of 53 to 57 Nm is approximately 30% to 50% of that reported for healthy volunteers [14, 40] . Some authors reported a postoperative decrease in quadriceps strength [20, 23, 33] , with recovery thereafter. However, reports on the course of recovery are contradictory. Kim et al. reported a return to the preoperative strength after 6 months [23] . The patients studied by Karpman and Smith returned to preoperative values between 6 and 12 weeks after surgery (dependent on the type of approach) [20] . Majima et al. used the strength of the untreated limb as a reference and found recovery to that value between 4 weeks and 12 months, depending on the type of approach [33] . Although the preoperative reference or the strength of the untreated limb can be reached after a time, we are not aware of studies reporting complete recovery to the values of healthy controls [14] . Knee flexor torque or extensor-flexor ratios were assessed less frequently in the context of MIS versus standard TKA [23, 37, 44] . Those studies reported no effect of MIS in TKA, which is supported by our findings in the current study.
At 8 weeks postoperatively, we found no difference between groups regarding the WOMAC questionnaire. Several studies have reported conflicting knee scores for MIS TKA [15, 18-21, 24, 25, 27, 30, 37, 44-46] . We found differences in the mean postoperative leg axis (mFTA) between MIS and standard TKAs; the mean value in the MIS TKA group was nearly 2°valgus alignment whereas the mean value in the standard TKA group was 0°. Analogous to our study, Chin et al. [7] measured the postoperative leg axis from whole-leg radiographs and reported inferior alignment in MIS TKA. The authors of other studies investigating the radiographic outcome of MIS TKA assessed component alignment alone [19, 27] , defined the leg axis on short standard radiographs [11, 13, 21] , or did not mention the method used to measure the leg axis [20] . The clinical importance of the low mean valgus leg axis in MIS TKA we observed is debatable because published data concerning the consequences of tibiofemoral malalignment on TKA survival are controversial [17, 39] . Some authors have recommended aligning a TKA in ''neutral or a slight amount of valgus'' [41] . In our patients who had MIS TKAs, the femoral components were implanted in greater flexion. This may have been attributable to the limited surgical exposure. Although there are adequate data to corroborate the importance of accurate femoral component alignment in the coronal plane [9, 31, 32, 38] , we are not aware of equally strong evidence concerning sagittal orientation of the femoral component. We found prolonged tourniquet and operating times for MIS TKAs, which is in agreement with other publications [11, 24, 25, 27, 37] . Therefore, we assume that the published risks and disadvantages of a tourniquet [3, 28, 34, 42, 43] could be more pronounced for MIS TKA.
We found no differences in extensor or flexor torque values or extensor-flexor torque ratios between MIS and standard TKAs at 8 weeks postoperatively. Based on previous studies and our data, it appears MIS TKA leads to better quadriceps strength in the very early postoperative period but not later. We also found prolonged tourniquet and operating times for MIS TKA.
